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Abstract 

Possible influence of the weak interaction on the /i + + u~~ — > fi + + \i~ scattering 
and the ji + + pT — > e + + e~ reaction, both through the neutral lepton currents and the 
charged ones (in the second order on weak constant), are considered. The calculations 
show that P - odd effects in the mentioned processes would prove the existence of the 
neutral currents which, in their turn, give the principal basis for explanation of the mass 
difference of a muon and an electron from the point of view of [I] . 

1. At present in the elementary particle physics the region of lengths of 10 _15 cm is in- 
vestigated. On the way to the yet smaller distances, which undoubtedly will be an object of 
experimental investigations, there is a scale of the so called weak interactions 



l w = J9K ~ 0.61 ■ 10- 16 cm. (1) 
V he 

Physics effects at this distance represent a significant interest by number of reasons. Col- 
liding beams of designed accelerators in not-so-far future will give possibility of approaching 
to a great extent to the scale of weak interaction. 

Below some effects of muon physics are considered at colliding \x - meson beams at high 
energies. In particular, such experiments will give the possibility to check out the existence of 
neutral currents in the weak interactions of the type (////) and (ee). 

In this respect it is interesting to evaluate the impact of higher approximations on the weak 
constant. A possibility of experimental approach to the elucidation of the higher approxima- 
tion contributions represents considerable principal interest for the field theory in general, 
because the weak interactions are nonrenormalizable. The existence of neutral currents (not 
necessary with the universal coupling constant) should give the possibility, in principle, to 
explain mass difference of electron and muon in the spirit of the paper p], because just such 
a type of interactions give contributions of different signs to the masses of electron and muon, 
if their fields satisfy equations (ip + m)4>i = and (ip — m)4>ii = 0, respectively. 

2. Let's calculate the cross section, corresponding to diagrams of the Fig.l, i.e. take 
in account the weak interactions of a muon as well as the Electromagnetic one. Denoting 
momenta of initial /i~ and /i + particles as S\ and t\ and of the final particles as S2 and t 2 , 
respectively, write out the required matrix element 
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in the c.m.s. we have in the relativistic limit q 2 = — 4E 2 sin 2 9/2 , k 2 = 4E 2 , where 9 is 
the scattering angle and E is the initial energy of colliding beams. Effective cross-section is 
calculated by the formula 
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and the differential cross section in the c.m.s. at large energies \tq 
da 7rrg//ix2 f l + cos 4 6>/2 
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Here the parameter 8^ is introduced, which describes the extent of influence of weak inter- 
actions on yU~/i + scattering, 
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where is the nucleon mass. 

Angular distributions of pure electromagnetic scattering (Bhabha one), and distributions 
taking into account the "weak" corrections are shown on the Fig.3; corresponding numerical 
values are displaced in Table 1 for the muon energies in the c.m.s. of 25, 30, and 50 GeV. 
The most notable deviations from the electromagnetic distributions are in the angle region of 
70° — 100°, so the measurements, made with the enough precision, could reveal an expected 
difference. In these calculations the usual constant of weak interactions was used. Possibly, 
this is so indeed (in pure leptonic processes), although the search of e.g. the K° — > 
decay gives the following relation [2]: 
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3. A parity nonon conservation effect in the process under investigation will be exhibited 
most clearly in the appearance of the longitudinal polarization of the scattered muons AT 
the unpolarized initial beams. For the calculation of polarization degree we will not sum on 
the spin directions of the scattered muon. The muon polarization 4-vector at the considered 
energies can be written in the following form 



(n-O(M) 



(7) 



2 



where n = and £ is the unit vector on the muon polarization direction in its rest frame. 
Again it can be found that pure electromagnetic part of cross-section don't change, and re- 
maining terms acquire the common factor (1 — cos 6), where 6 is the angle between n and £ 
.Now, for the longitudinal polarization the following expression can be found: 



-g (n) (l-^ + g (w) )(l+cosfl) 2 

2^3^ + (1 + cos 2 0) - 4g|g + £(»>(! -~kj- 2 + £»)(! + cos6>) s 
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Polarization degrees for several scattering angle values are shown in Table 1. Smallness of Pi 
hampers its measurement, but instability of muons simplifies situation, because the muons 
polarization can be revealed by considering the angular distributions of the decay products. 
Note, that in the process ji + + fx~ — > e + + e~ polarization can reach sizable values, but its 
measurement is rather difficult. We will address this process later. 

4. In the case of finding the P-odd effects in the fi + fj,~ scattering we must be sure, that 
their source is namely the neutral currents. To this end let's evaluate the contribution of the 
weak interactions at the second order through the charged currents, and write out the matrix 
element, corresponding to diagrams of the Fig. 2 with the regularized distribution functions 
of neutrinos. 
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The integrals in this expression have the following form 
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By expanding it as a power series and retaining only the main terms in A we obtain for both 
integrals in (9) 

lf = lf = - i ^A 2 g af) . (11) 



Scattering cross section corresponding to the diagrams of Fig. 2 has the form 

(12) 



da 3(GA) 4 £ 2 „, 2 
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Defining from this the parameter E^ cK) corresponding to the 8^ introduced earlier, we can 
characterize the comparative influence of charged and neutral weak currents on the muons 
scattering by the parameter 

MA) = |^ = 12.4.10-(A f . (13 ) 
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For the three values of A (in units of nucleon mass) one obtains 



£ w {50) = 3.2-l(n 3 , fry (100) = 12.4- 10~ 3 , ^(300) = 10 -1 . (14) 

There are some reasons to assume that the most probable value of A is less than 100. In 
this case values of £w indicate that neutral currents are more preferable in the — > 
scattering if neutral Fermi constant is sufficiently large. However, let us draw attention to 
the fact, that these conclusions obtained at the presumption, that in the course of calculation 
in the second order of perturbation theory on G the main divergence was A 2 , although there 
is a possibility that in the consistent theory this term does not contribute [3|. In this case 
arguments in the favor of neutral currents are greatly enhanced. Thus, the most important 
question in the nonrenormalizable theories on divergences expects its direct experimental 
resolution. In view of great successes in the developing of accelerator techniques at colliding 
beams this task is not the subject of far away future. 

5. Note, that the presence of exchanged diagram at the Fig. 1 has strong influence on the 
scattering process causing the singular dependence on the scattering angle. From the other 
side this digram is absent in the reaction 

/i + + fi~ — > e + + e" 

and one expects more clear picture of angular distribution of electrons at all values of 9. With 
the weak diagram taken into account one obtains the following form of the cross section 

" " \ + <^6 + e^\\ + ef\l + ao66)% (15) 



dco$6 8E 2 

Table 1 contains the numerical characteristics of this process and Fig.4 shows the angular 
distribution of electrons. A considerable influence of the weak interaction on this process is 
noticeable. 

Now evaluate the second order on G in the reaction \i + — > e + e~ ; here 

m ^w (GA2)2(1+ 0089)2 (16) 

The relative influence of the weak neutral and charged currents is characterized by the same 
value of £w as in the case of the process 

/i + + fl~ — > /U + + jjT 



6. From the calculations made above it can be concluded, that experiments with the 
colliding fi + and fi~ beams would allow to reveal the influence of weak interaction. Manifesta- 
tion of a parity non-conservation effects (with equal coupling constants of charged and neutral 
currents) might be considered as revealing the neutral currents of type (/2/i) and (ee). And 
even in the case if G neutral ~ (10~ 2 — 1 o~ 3 )G charsed this conclusion will remains true. 

Let's stress, that the considerations made above are based on the perturbation theory, 
which possibly is inapplicable at the critical energy of weak interaction. Approaching this 
critical region it is required to take into account, in some form, a change of the initial state 
(its damping). 

Author sincerely grateful to ac. M.A.Markov for proposal to theoretically investigate effects 
at the colliding beams and for permanent discussion of all issues concerning this work. 



4 



References 

[1] M.A.Markov, Nucl. Phys., 55, 130 (1964) . 

[2] A.Rosenfeld et al, Preprint UCRL - 8030 (Aug. 1968). 

[3] B.L.Ioffe, JETP, 38, 1608 (1960), M.A.Markov , JINR Preprint D-677, Dubna 1960 (In 
Russian), R.A.Asanov, B.N. Valuev, ibid. 

[4] See also: |http: / /www.fnal.gov/projects/muon_collider/history.html| 

Received October 16, 1968. 



5 



Table and figure captions. 

Table 1. Angular distribution and polarization of final beam in the — > 
scattering. 

Table 2. Angular distribution and polarization of final beams in the process n + fi~ — > 
e+ + e~. 

Fig 1. Diagrams for the scattering at tree level are shown. 

Fig 2. Diagrams for the fx + fx~ scattering at one-loop are shown. 

Fig 3. Angular distributions of the process — > fi + fi~ are shown. Curve 1.: Bhabha 
angular distribution, Curve 2.: distribution with the weak interactions taken into ac- 
count. 

Fig 4. Angular distributions of the process ji + — > fi + fi~ are shown. Curve 1. is 
for pure electromagnetic process and Curve 2. represents distribution with the weak 
interactions taken into account. 
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On the Effects of the Clashing p -Meson Beams 

Possible effect of the weak interaction on the ji + + ^ p. + + p~ 
scattering and the ft* e ++ B " reaction, both through the neutral 

lepton currents and the charged ones (in the second order on weak 
constant), is being considered. 

The calculations show that P -odd effects in the mentioned pro- 
cesses would prove the existence of the neutral currents which, in 
their turn, give the principal basis for explanation of the mass diffe- 
rence, of 'a muon and an electron from the point ' of view of/1/. 
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aaxoaOMepHQCTU a oSnaCTB 3j1KH (napaMeTpoa yaapa) tO" CM. 

Ha nyttt X acqe MeHbniHM anHMM, jsdTQpbK} HOCOMHeHHO craHyT O'S'MK- 
TOM 3KcnepHMCHTanbHL.ix nccJieooBaHHtt, nweeTCH aniiHB TaK H'tahiBaevibix c.na- 

6bJX B-3ftHMOnB£lCTbh5fl 

f „. - v' — — - -1° cm. 

h, c 

*Fi3niecjtHe 3<tiipeETfai o o6noCT« iTHx fln«H npeacTSBJiHHT no pwny npnmiH 
ista'LHTefibHbiil ii n-opte. B ci-pe-iH t:e rryiKJi rrpoercTwpyaMbrX ycnapHTenew He 
oibbb oTaajiaKHoro GynyaiBTo ■psiM6)«*0 , STfc 5flannT&jtfaHO npHonioHTtcs 

K J3J1HHG CJISDblX B3.aH Moaefl CTBH B > 

Hnste paCCMOTpeHN HeKQTopbte scftsK™ P -weaaHHott ibH3IIKK flJin 

BCTpe^Htix n -w*30KFbtx nyixoa emcokiix 3Heprnfl. 3KCne-pHMfiHTfaj Ha 

BCTpetSfcUt uyHKax miwbob n.ao.yT BH3Mo>t;.KocTb DbiscHHTb pea JtbtlOCTb HaiiTpfl.nb- 

HUS TQJIilB B CTaOblX B3flllM0J3CitC7BItSI JC BHB3 (fljil It ( S e ) . 

B aTOii iii npeacTaBJiwJT BETQp&C OutiHXa po,1H Bwciuiix npH6nn>tte- 
HUfl no CiaSfltt KDHCTaHTB. Bo3 tuOJKJiOCTb SFCcnepnMeHTanhHora rmoiaaa it bbi- 
hchhhjiei pcuiH DftnajoB Bwcoini npudnwaieHitft npencTaBrtseT sHfiTHTen&Hbjfl 

CTBIHT KepeHopMHayeMW. npUCyTCT-stre B6HTpanhHm tdkob (aa o6fl3aTBJihKO 

C VKlfHBpca^tbJja ft KOKCTaKTOfL) QajTQ Qbi 8C3MD»HDCTt, B tipXHUHOe, B6tBC- 

HBTh p«3HHuy viacc snaxTpoHa n Miooua b jyxe paSoTbi' " , rat xa-K iim«hho 
-Breoro TisHQ BaaiiMQaefiCTBttB HObgt turflaabl paaHoro 3flasa a MacCW -SJiexT-po- 
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Ha h MH»fla, <3CJIH oTHOCsnnnecH it HEM non= ya&eneTBopfltOT ypaBHSHUHM 

<lJ+hi>£ -0 Sr lip-J^ -0 . COOTBetCT&eHHO. 

2. BbiHBCJIBM eeTeane- paccestHKH. caoTB*TCTBywui*e AHsrpaMiwaM pnc.t, 
T.e, ytTfiM sa* cna6o* t tm h annitTpoMarHKTttOe BaaKwOMftcTBUfl mwohob. 
O6oaHaH0B HMtrynbcu B»«K«Muax jf I f + ^P" 3 1 " 1 i - a * D - 

He , aux _ , e p t3 a i coo-TBgtctbbbhOi sanuiDBM HeofiMWHMMll uaTpire- 

b C.U.m. MWeeM b pensT«6MCTCKQM npen*n* , 3 - - 4 E 3 nin 0/2, If =4E . 
rjse 9 -yron pacceitJiKS a B - MWrtWlafl sttepr-na CTlJIKHBaioQIKXCs Jiy-t- 

( ^ m a g| tt _ _ t , f3} 



h b c.u.m. nonyiBBM sipn SojjbiiiKx aHeprnsi I t ( - —--1,36.10 cm] 



f 1 

ft. 1L = I ^ .. 9 „. . SM 



dteooffl 11 B I Ln l ?/2 

3ae«. cseiiBH napftMerp E" , MpMCTeprayioniHii exarch artrtftttm* cna- 
Slik BaanMeaeftcTBUfi hb -pacceaune, 

« _ 8GE? 6 , 2 . 10 - 4 _iL. <31 
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yrJloaoe pac rperjBneuHe HHCTC anenTppMflrHHTEHjro pacceflHHfl (pacceg- 
nnfl Eifia i h pacrrpeaeneErae e jhhitijm pacTysuuj? e iasprxeft "cnafin* croapa— 
aoK nOKS39.RO H9 pHC<3; CQOT&iSTeTByKiaKe '(iTC'iOFfjtbre □HS'iejjHR irpHEjeuytit: 
B Tafirane [ anst sHaprntt m™m b Crii.ta. 25, 30 M 50 Tat. Hanfon&S CHnt- 
see □TitJtcjJJ^JIJ]* qT 3neB.TpoMorEtHTHQrQ paenpemenesHHsJ Hfltf JIBflaeTcn 3 GfijiflCTH 
yrnoB -100°, t«k rto c sacTaTOKKofl Tii'iHptTfai?! op<i»en*-EiJiue HSMfrpejiKd 
cMOrnH 6hl bhhbjiti. OJK-0liaeMoe paajiHKHB. CjienyaT aSpaTBTk BflHMajJHft Jla 
TO i HTO b pac-tCTflX 1?cn0fi&30BSnaCb ociuHEiaa EtcE[CTaj-:xa GnaSbTX aaaHMtmeii- 

CTBFfl, Bo3MO*HO, TBI H ECTB KB. CBMOM flejjG ( □ 1HCTO JlGnTOH ElMX lIpOUSC- 

cax}, XQTSf nosrcHH, irn^picw^p, r^cnanoB K* -* p + fi~ yc tb ecb b/ihbbsqt coqt- 
Hooien!t*3 J '^ J ''i 



3. &}4sht HetoxpaiiBHHH wthbcth b kc cflenywMow npouecca J!an6o4iBa 
QTHeTrtHBD spoHBHTcn h Bog ethjtko Be Hlf H [tpononbHofl nQjiiapKaauraH paccesEtHH 

MKKJEtOB EipH HflHDilflpEia OBBHHiEX BBiaJlbfTlilS nytHfll- BjiB HtnllCfiejd I a CTeneHH 

noj™p«.iniiHM ice Syacu eyMUHpoBOTt nn EtarrpaBJieHHflM cuhkb paccesHHoro 

MEOOKa* 4-BeSTQp nOJtipHaflUHH hdpWETfl Jlpft paCCMBTpHBaeMbTK SHapi-M* MOBCff© 

3flnncaTfa JS aHa* 

Hi 

rae"£ - -—-2 — k (f - eflHHHHBbcfl BeKTOp & JtaHpaojia-HM it n&nnpHaaciHH 
mk.:;:s u- ero chctejmb nanofi. L hddb irpocraBona Biii^crcneHTiii, Eraxn-aHM, htq 

HiTCTO SVieKTpOMEIlFUrtTJIflH IflCTt CQ-HfiJIHB Hfl MeHHBTOH, a OCTflrttBtiNJ "MtE?Hlil 

nEi[fflC5peTa(£™ otfaiirfi MEtosoiTejifa (1— ca^S) , rae yro-ri Mamjiy n* 

a f . Tanspb Una npono.lbKOlt nonapiiaaiiKii najiy'iaeM BupaMteHHe 
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MaJtocTb BewmBbi aarpynEtHeT ee H3M&peHHe, ho HecTaiSHjitHQCTfa mud- 

hoe ynponjaer nononeHHB, nocjtojihKy noflapn3y*^OCTh MWdHOEi mojkHO nfiHa- 

■]■-■;-: ;i Tij , pacc^aTpHsa.i jT^aBn* pacnpsneneKJte rrpoayKToa un pacrrapa, Otms- 
+ — + — 

tbk, lito b npojiecce fi + |i -us +♦ nonspuaaitHS nocnrrflar 3naiJ«Tejifa.Haii 
BejiH'iltJtt.l, (jflFraitcif ee HJMepeirae npeacTaariseT ficntoiJie TpypErocTiT* K stqmy 

npouwccy flepjie-MCfl noa;+;J3. 

4, HTDDhI 6blTE> yBepGttHUM, HTQ 3 CJiyjae DDHapVMeaHH P -HeH?THbII 

3ifn(ieKTOB Ha + — -parcesHHe □ Ka-3 bi &.a edt sasxieilcTBHe hmbheo EreiiTpankEtiie 
TOKHj dusk:™ Tenepb itcnai cna&m ua iiwo ne ftci ax A bo btqpqw nopsrafce hh- 

pH'HHbiil 3J:eMeHT c pBrynHpwaQMHHUMH hg^tpdhhumh ibyHinsiHMH pacjtpoCTpaJte— 
HKfl t upcHHTerpHpofcati no HMnynbCy oiworo us a«STpHHo 



x ti i : r„ 1 3 r i 

7 I 2 S 



\J AAA 

« Tr < * r, ! ! r ii. 

iiii a 
Pspflfnupi* cnM.fl MHTerpajm bmsbt bus 

A* A 4 „ .& , $ a , 

1 ' 4 U^-t^^H.^^J^A,:? 

OcTaBKB .nfuib rnaBKym -Ta-insKt pacxpaiiMi?£Tii no A » 3tgt iiKTerpaji mow- 
HO BblHSr-CJIHTb, npn no-iysaa-u 

J ■= L « -- i\ m 

a i i 



a 



Cei»iiFrc pacceHHHfl, rcp«.aeTflBJieHHcie anarpti«MaMi pne.2, HMeeT BHJ1 



iff 3<GA> V* „ a 



dle**tfl I*^ 3 

Onpeaensrst DTCiana napaweTp 6 , eoofB^CTByitnnBSt p*Koe BBeaeKHOny 
£ , mu MomSM oxapaiTepaacHaTfe OTKOCHTeJitKQMy CTefl«Hb aoaaeflcTBHH 
aapHweBHbijt h aeftTpanbttux cnaSbuc ToKOtt Jia p&ctesEine msoOHOB BennHFHOK 

„ <g« 

5 -r A a 

£ _ .. - ilm . i s ( :■ - (71 

£W -„ 

Ana rpex aaa^aaHlt A a saHKHtia* aynjioH(roR uaccsi aonyiatu 3Kaie— 

EcTt, KexaTOpiW ocaoaarajj DonflraTb, >ITO ffaH^ojiee uep&stTHoe SHa-ieane 
A < 1<K .5 STO'M cny«cae aua^eami £ n yKaabJBanK <5w Ha npeaJTo^Til- 
TenbJinCTb HellTpanbHbiX toxob b paccvflHHH fi* ~ - jf " ji~ trpw aocTaroMao 
no, , tin oft BefMUIEfe aeetTpB.ibJtOit tepMJieacEoli KaHcfflUTU* CnenyaT oSpaTUTh 
BHHMaHES HA TO, its 3TH aflKJTB^eHHH nony^BBhi c npediironD^eHHti, HTO npn 
ttiiinc.ieKHH &TO|iQro napsniia TeopciH aosMyiDemiS no C mmasi peCXOAR- 
MoCTb !A ' 6iUia y^TeHB. xoTfl HQ aCBJtKmeHjij, Itq h nDc.ie-noboTEntHQil TeopsiH 
'inflH « ite aaax BKnafia''' 5 ''. B nor. jieo.HCM cjiynac eme 6om»ine ycH.iHBa- 
sotch apryneaTtr a Bombay aettTpajibHHK T-oKofl, Tmhh DopaaQM, BasKHaftuinfJ 
a HenepeHopMflpy^WbiK TcapfiflX BOPpoc D pacjfp^HMDcTH >ttneT caaero rTpnwnro 
ajtcncpHMeaTanbitcro peine hum a o FN Tax hojkbt 6iiTh n as T*k ywt 6&cnpefl.e7TB,- 
jici flTflaneHHoro Gyflyuiaro, coin yie-CTt ycrraxH a pa.-jB(iTKH xexaH¥w ycKopH- 
Tenett Ha BCTtia^Ffbii nyitax. 

(pHC.t) aa npcmecc paccSflHHSi. 'no paeT cttHryrtflpHyw aaoHCHMOCTb. ot yrna 
paccesrnnsi. C flpyroA CTopctibi , Taecas aHarpaMina oTcyrcTBy«r b p&aKuit" 

+■ - + _ 

u. +. a * e +■ e i 
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if nO'STflKjy owcfaaeTca fiojiee i«*TK3Ti napTHHa yrjionor-n pHCiipcnctjioiiHa 3Jiex- 
tpohob npH acex 3tta«wjt[fHJt ^ . Ceibhhb c yiGTOM cjtaSos ilHarpflMMbl X Ma- 



li <r 



- -tHUcb'JI + W (J + S i)l + c«fll 1. 



TaSrtHtU 2 coBepiKHT iHcneairae xap&KTepHCTKKH 3Toro upoaeccs, a j?a pnc.4 

cxieii?os flotsam"' Fa 3tot nponecc. 

OneHHM T-etmpt UTopoit nopnnoK no ^ a p£>axunii ft " u -tc'V ; aEte-et 
J" 4C 2 E 1 . a 



ifl (in) 1 

Ot-xqcht?! Jiiuafl crgncfHi- yxacTns cnaCtcx us irTpAfiBHta* a 3B.p«;m&HBMX TOKOd 
xa pas play liTCR T*MH see SHate-JditHMi; f w , ktd m b cnyrae nrpoiteces 

Ha dchoesehic npoaeneHHhiX CjAChSTob npnxonsM n aaKJUQ^ewEtB, 

■4TO □FLGrtgpHMGKTfct HO BCTp&'HHU X fl"-M JJ -ny^ECaS HOS-BO^HT OfJfLfl pyW.HTb 
UB-(lTpanbH.L.|A W 33|JH!KeHJlUS TOKO* rtOHHnBHHe HBCOXpajdHKlSDITSf r 4l2TprCiCT|. Sip- 

■peKTOB MoxHO pacCMaTpHfcaTU sax oOHapyiueHJie HeflTpajifaiiMx tokob TXIU 

j— . , — . ,, _ n«»[ —1 . -a, dk>±xi 

\lljtl a tec) t ¥\ tUlK& npH C - 11(1 -30 If, Mwcsmmik! or.-i-.i i- 

CqeiiyeT zrofl^epKxyTh, its np&fl b myuiae patMoTp^jme Dcnoeana «a cipH- 
MexPHMx TeopHH ■BMMyiKftHMtt, ttotopaa b DonacTri KpnruieeKoa aHepr.nn cjidfic*- 
ro B3aJtMOi]OitCTBHfl. EtB (IpjUvieHBMa. 

HpH BpttfinHWeiljaSI K 3TDH KpuTHHBCKOH dSjIBCTH HBQfi-KCiqn MO yiH T blBflTB 

8 KaKOfl-Ti5 ipopwa BaueHeHflsi Ha'saJTbflOro COCTOSIKHfl fero MTyxaKice). 

Adtdp ncKp*rrn* Sjiarortcp^K arcaaeMrirty fVLA Map-K<jijy 30 jipsanoiKettJie 
TeopeTHM&CKtJl'd riCCiHSiJOBanusi SnH^kTbB hta BCTpeniMX nytitax i: nocTDKHHOe 
□DcystaenK* bcqx saTparHB^eMux Bonpo^ofc paDcm.i. 
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